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are responsible for the pathogenesis of polyglutamine forms of primary headache delivers the knockout mes-
sage that common neurobiological problems will yielddiseases. Such clarification would expand therapeutic
secrets to basic neuroscience for the ultimate good ofoptions for these devastating disorders.
patients.
Migraine aura consists of the neurological symptoms,Masahisa Katsuno and Gen Sobue
flashing jagged lights, pins and needles, or even weak-Department of Neurology
ness, that are so well recognized as preceding the attackNagoya University Graduate School of Medicine
proper in about 30% of patients. Familial hemiplegicNagoya 466-8550
migraine is a very rare form of migraine with prolongedJapan
aura in which an important manifestation is one-sided
weakness. So far, from a clinical viewpoint, it has beenSelected Reading
difficult to dissect its various forms. Mutations in the
Katsuno, M., Adachi, H., Kume, A., Li, M., Nakagomi, Y., Niwa, H., CACNA1A gene that encodes the pore-forming subunit
Sang, C., Kobayashi, Y., Doyu, M., and Sobue, G. (2002). Neuron of the P/Q voltage-gated calcium channel (CaV2.1) cause
35, 843–854. about 50% of this disorder (Ophoff et al., 1996). In addi-
Kaspar, B.K., Llado, J., Sherkat, N., Rothstein, J.D., and Gage, F.H. tion, perhaps 30% of patients might be accounted for
(2003). Science 301, 839–842.
by mutations in ATP1A2 gene that encodes the Na/K
Lambrechts, D., Storkebaum, E., Morimoto, M., Del-Favero, J., Des- pump 2 subunit (De Fusco et al., 2003). Both of thesemet, F., Marklund, S.L., Wyns, S., Thijs, V., Andersson, J., van Marion,
changes could lead to increases in intracellular Ca2,I., et al. (2003). Nat. Genet. 34, 383–394.
but this has raised the essential “so what” problem: howLa Spada, A.R., Wilson, E.M., Lubahn, D.B., Harding, A.E., and Fisch-
does this elegant biology enlighten the clinical question,beck, K.H. (1991). Nature 352, 77–79.
why would this result in episodic, often profoundMcCampbell, A., Taye, A.A., Whitty, L., Penney, E., Steffan, J.S., and
weakness?Fischbeck, K.H. (2001). Proc. Natl. Acad. Sci. USA 98, 15179–15184.
Cortical spreading depression is a wave of excitationNucifora, F.C., Jr., Sasaki, M., Peters, M.F., Huang, H., Cooper, J.K.,
followed by inhibition that traverses the cortex at a rateYamada, M., Takahashi, H., Tsuji, S., Troncoso, J., Dawson, V.L., et
al. (2001). Science 291, 2423–2428. of about 3–6 mm/min Pioneering work using human
Oosthuyse, B., Moons, L., Storkebaum, E., Beck, H., Nuyens, D., brain blood flow measurements during migraine aura
Brusselmans, K., Van Dorpe, J., Hellings, P., Gorselink, M., Heymans, showed that the flow changes associated with aura also
S., et al. (2001). Nat. Genet. 28, 131–138. moved at this curious slow rate across the brain. Brain
Sopher, B.L., Thomas, P.S., Jr., LaFevre-Bernt, M.A., Holm, I.E., imaging (Hadjikhani et al., 2001) has carefully built a
Wilke, S.A., Ware, C.B., Jin, L.-W., Libby, R.T., Ellerby, L.M., and La case that migraine aura is the human version of the
Spada, A.R. (2004). Neuron 41, this issue, 687–699.
cortical spreading depression measured by electro-
Steffan, J.S., Bodai, L., Pallos, J., Poelman, M., McCampbell, A., physiological methods in experimental animals (Laurit-Apostol, B.L., Kazantsev, A., Schmidt, E., Zhu, Y.Z., Greenwald, M.,
zen, 1994). Studies of migraine aura in humans and corti-et al. (2001). Nature 413, 739–743.
cal spreading depression in experimental animals haveSugars, K.L., and Rubinsztein, D.C. (2003). Trends Genet. 19,
led to some very important questions: how is aura trig-233–238.
gered in humans, what role might the genetic mutationsYamamoto, A., Lucas, J.J., and Hen, R. (2000). Cell 101, 57–66.
described above in familial hemiplegic migraine play,Zoghbi, H.Y., and Orr, H.T. (2000). Annu. Rev. Neurosci. 23, 217–247.
and last, what is the role of aura in migraine—is it the
pain trigger?
In this issue of Neuron, van den Maagdenberg and
colleagues report a Cacna1a knockin mouse with in-
creased susceptibility to cortical spreading depression.
Migraine Aura: A Knockin Mouse Using the R192Q mutation, which is clearly pathogenic
in humans (Ophoff et al., 1996), they very elegantlywith a Knockout Message
characterize with electrophysiological methods a gain-
of-function in cerebellar granule cells in culture from
homozygous mice. At the neuromuscular junction, end-
Migraine aura is a sometimes disabling disorder of the plate potentials, used as a measure of acetylcholine-
brain that involves significant neurological symptoms evoked postsynaptic depolarizations, were increased
in about 30% of patients. In this issue of Neuron, van by 240% under conditions of low Ca2 concentration,
den Maagdenberg et al. characterize a mouse with a representing enhanced activation in mutant mice com-
knockin mutation known to cause familial hemiplegic pared to wild-type mice. Using DC potential recordings
migraine and provide evidence that a lowered thresh- at the cortex, the authors also noted a lowered threshold
old to the triggering of CSD may account for the devas- for the induction and a remarkable 150% increase in the
tating phenotype of familial hemiplegic migraine. rate of propagation of cortical spreading depression.
Previous work using electrophysiological techniques
A good basic neuroscience paper can illustrate a funda- had shown a gain-of-function at the channel level but
mental principle, exploit new methods to open avenues a loss-of-function at the whole-cell level in transfected
for study, or even point the general direction to the cells that van den Maagdenberg and colleagues attri-
horizon where novel therapies will be found. This issue bute to overexpression. A general principle illustrated
of the Neuron has a contribution that does each of these by the new work is the absolute necessity for whole-
(van den Maagdenberg et al., 2004). Beginning to model animal studies to dissect the effects of mutations and
understand the integrated physiology of a disease. Rely-aspects of the most common of the severely disabling
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Selected Readinging on work from isolated transfected cells is just not
good enough if one wishes to really understand disease
De Fusco, M., Marconi, R., Silvestri, L., Atorino, L., Rampoldi, L.,processes and their implications and treatment possibil-
Morgante, L., Ballabio, A., Aridon, P., and Casari, G. (2003). Nat.
ities. Focusing more specifically on migraine aura, the Genet. 33, 192–196.
new work provides a very satisfactory way to under-
Giffin, N.J., Ruggiero, L., Lipton, R.B., Silberstein, S., Tvedskov,
stand why a patient with such a mutation is more sus- J.F., Olesen, J., Altman, J., Goadsby, P.J., and Macrae, A. (2003).
ceptible to triggering their aura. At once the work pro- Neurology 60, 935–940.
vides reinforcement of the importance of the mutations Goadsby, P.J. (2001). Ann. Neurol. 49, 4–6.
and a plausible way to think about how this change Goadsby, P.J. (2003). Cephalalgia 23, 565–566.
renders the patient susceptible to aura, as well as a Hadjikhani, N., Sanchez del Rio, M., Wu, O., Schwartz, D., Bakker,
target mechanism for the development of anti-aura D., Fischl, B., Kwong, K.K., Cutrer, F.M., Rosen, B.R., Tootell, R.B.,
strategies. The importance of the latter should not be Sorensen, A.G., and Moskowitz, M.A (2001). Proc. Natl. Acad. Sci.
USA 98, 4687–4692.underestimated. A patient with familial hemiplegic mi-
graine has untreatable, unpredictable attacks of weak- Kruit, M.C., van Buchem, M.A., Hofman, P.A., Bakkers, J.T., Ter-
windt, G.M., Ferrari, M.D., and Launer, L.J. (2004). JAMA 291,ness that can last for days; the effects can be devasta-
427–434.ting and very difficult to manage. With recent data
Lauritzen, M. (1994). Brain 117, 199–210.suggesting that patients with aura are at risk for some
Matharu, M.S., Bartsch, T., Ward, N., Frackowiak, R.S.J., Weiner,degree of brain change on MRI (Kruit et al., 2004), the
R.L., and Goadsby, P.J. (2004). Brain 127, 220–230.new information here acts as a beacon for the develop-
Moskowitz, M.A., Bolay, H., and Dalkara, T. (2004). Ann. Neurol.ment of new therapeutic approaches at a time when
55, 276–280.the consequences of migraine aura are beginning to be
Ophoff, R.A., Terwindt, G.M., Vergouwe, M.N., van Eijk, R., Oefner,questioned. From the patients’ and clinicians’ viewpoint,
P.J., Hoffman, S.M.G., Lamerdin, J.E., Mohrenweiser, H.W., Bulman,this is very timely basic biology.
D.E., Ferrari, M., et al. (1996). Cell 87, 543–552.Migraine is not, however, solved. The work in hand
van den Maagdenberg, A.M.J.M., Pietrobon, D., Pizzorusso, T., Kaja,(van den Maagdenberg et al., 2004) is extremely impor-
S., Broos, L.A.M., Cesetti, T., van de Ven, R.C.G., Tottene, A., van
tant in terms of aura, but much is needed to understand der Kaa, J., Plomp, J.J., Frants, R.R., and Ferrari, M.D. (2004).
how the mutations described thus far in familial hemiple- Neuron 41, this issue, 701–710.
gic migraine may translate into migraine without aura. Weiller, C., May, A., Limmroth, V., Juptner, M., Kaube, H., Schayck,
A particular issue in the literature at the moment is the R.V., Coenen, H.H., and Diener, H.C. (1995). Nat. Med. 1, 658–660.
extent to which understanding aura can inform the de-
scription of the pain mechanisms or indeed how aura,
or mechanisms of cortical spreading depression, relate
to the initiation of the attack (Goadsby, 2001). The clini-
Are Fear Memories Made andcal evidence is that an interesting set of symptoms,
known as premonitory symptoms, precede migraine in Maintained by the Same NMDA
many patients (Giffin et al., 2003). There is no evidence Receptor-Dependent Mechanisms?that they involve aura mechanisms as we understand
them from brain imaging. Moreover, it has been postu-
lated that the pain of migraine is in some way related
to aura (Moskowitz et al., 2004). This seems problematic A recent finding indicates that inducible knockout of
in the face of the facts that most patients do not experi- the NR1 NMDA receptor subunit promotes the loss of
ence aura, there are patients with aura and no pain, and fear memories formed months earlier. One view is that
some patients have aura well into the attack or at the
posttraining NMDA receptor activation protects modi-
end. It seems more likely, as has been considered for
fied synapses from “synaptic drift.” An alternative viewmany years, that aura is a part, albeit an important part,
is that NMDA receptors help maintain appropriate con-of a more complex brain disorder (Goadsby, 2003), the
nectivity in memory-encoding networks.genesis of which is likely to be in subcortical structures
(Matharu et al., 2004; Weiller et al., 1995). Whatever the
That nothing in the brain lasts as long as a memoryultimate nature of the underlying problem, integrating
poses a fundamental problem in memory research. Howmolecular genetics with in vivo physiology and pharma-
do seemingly stable memories persist in an ever-chang-cology must be the way forward to understand many of
ing brain? A second question of fundamental impor-the disorders our research efforts target. This new work
tance concerns learning. Specifically, what are the initial(van den Maagdenberg et al., 2004) is a very good step
triggers of learning-related brain change? Over the lastin that direction.
several decades, significant advances have been madeP.J.G. is a Wellcome Clinical Senior Research Fellow.
on both fronts, and both are relevant to the target article
by Cui et al. (2004) in this issue of Neuron.Peter J. Goadsby
What, then, are the neural triggers for learning? Un-Headache Group
doubtedly there are many, but for fear conditioning,Institute of Neurology and
NMDA receptors play a critical role. NMDA receptorThe National Hospital for
antagonists disrupt fear learning when given prior toNeurology and Neurosurgery
training but do not consistently disrupt performanceQueen Square
when given prior to testing (e.g., Kim et al., 1991; Mise-London
rendino et al., 1990). These dissociations suggest thatUnited Kingdom
effects on learning are not attributable to impaired con-
